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Abstract. The present study is focused on rheological properties of AlSi10Mg aluminium alloy 
produced by selective laser melting (SLM) at temperatures of hot deformation with the aim to 
investigate the dependence of strain resistance on temperature, strain rate and strain degree. 
As-build cylindrical specimens made of AlSi10Mg aluminium alloy was examined on a cam 
plastometer in temperature range 20 – 500 °C, at strain rate ξ equal to 1, 10 s-1 up to strain 
degree e equal to 1.2. The paper presents results of study of initial microstructure, 
microhardness measurement and flow curves of AlSi10Mg alloy produced by SLM. The flow 
curves of AlSi10Mg alloy produced by SLM can be used in the computer simulation and 
development of new manufacturing methods of the metallic parts by additive technologies with 
the use of deformation post-treatment. 
1.  Introduction 
Nowadays, additive manufacturing (AM), the layer-by layer building-up of parts from metals and 
alloys, represents an option for small scale production due to advantages such as reduction in lead-
time, reduced material wastage, freedom in the design of the parts [1–9]. The parts made of aluminium 
alloys, especially from AlSi10Mg, find their application in aerospace, automotive industries and heat 
exchanger products, due to its light weight, high mechanical properties, low thermal expansion and 
recycling costs [10–12]. In [13], K. Kempen et al. report that parts made from SLM AlSi10Mg alloy 
have mechanical properties – hardness, ultimate tensile strength, ductility, impact energy higher or at 
least comparable to the casted AlSi10Mg material. However, the use of SLM AlSi10Mg aluminium 
alloy is still quite limited due to a problem of enhanced porosity [11, 12, 14]. In addition, the 
disadvantages related to SLM are anisotropy of mechanical properties, high residual stresses, 
inhomogeneous microstructure of parts [15]. 
In order to reduce porosity of SLM-ed parts, the following methods have been developed and 
investigated: optimization of sintering parameters (“scanning strategy”): hatch spacing, scanning 
speed, scan orientation [11, 12]; heat treatment [10, 14, 16], platform heating [14]. Also, it is worth to 
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mention the methods based on deformation post-treatment which allows to significantly improve the 
mechanical properties of AM-ed parts: hot isostatic pressing (HIP) [17, 18], technology of AM 
combined with the rolling of each built-up layer by a roller [19 – 21]. From the abovementioned works 
follows that introduction the deformation treatment into AM has a positive effect on the properties of 
metal parts – internal pores and microcracks are welded, properties anisotropy is eliminated, strength, 
plastic and fatigue properties become higher. Thus, AM with the use of deformation post-treatment 
can be a promising direction. 
The rheological properties of metals in a wide range of temperatures are of interest for research, 
because they allow to find the optimal technological parameters for the processes of pressure treatment 
of AM-manufactured parts. However, literary review has shown that for AlSi10Mg aluminium alloy 
produced by SLM-technology, such data absent. The limited literature presents only tensile curves of 
SLM AlSi10Mg alloy at room temperature [10, 13, 16]. Thus, the aim of this research work is to 
determine the rheological properties of AlSi10Mg aluminium alloy produced by SLM at hot 
deformation temperatures. The resulting flow curves of the materials can be used in the computer 
simulation processes of new manufacturing methods of additive technologies with the use of 
deformation post-treatment. 
2.  Materials and research methods 
Strain resistance of AlSi10Mg aluminium alloy specimens fabricated by SLM-method was studied 
using a cam plastometer with a working force up to 1500 kN placed at the collective use center 
«Plastometriya» of the Institute of Engineering Science of Ural Branch of the Russian Academy of 
Sciences by compression of cylindrical specimens according to the procedure described in [22 – 23]. 
Specimens from AlSi10Mg alloy was produced on the EOSINT M 280 additive machine at the 
Regional Engineering Centre of Additive Technologies of Ural Federal University. For producing 
aluminium alloy specimens, the following parameters were applied: laser beam power of 200 W, a 
scan speed of 500 mm/s, powder with spherical morphology and particle size 20 – 35 μm. Chemical 
composition of AlSi10Mg aluminium alloy (EOS’s data) is given in Table 1. Cylindrical specimens 
from AlSi10Mg alloy 10 mm in diameter and 14 mm in height were used. 
 
Table 1. Chemical composition of EOS’s AlSi10Mg aluminium alloy, %. 
Al Si Fe Cu Mn Mg Ni Zn Pb Sn Ti 
Bal. 9.0 – 11.0 ≤0.55 ≤0.05 ≤0.45 
0.2 – 
0.45 ≤0.05 ≤0.10 ≤0.05 ≤0.05 ≤0.15 
 
Compression tests of the specimens were carried out in temperature range t = 20 – 500 °С with 
heating from room temperature, at strain rate ξ = 1.0, 10 s-1. Strain rate during the whole process of 
compression was held constant due to the corresponding cam profile and automated regulated electric 
drive. 
Before loading into the furnace for heating, specimens were set into a special cylindrical container 
(Fig. 1) on a centre of deforming anvils made of special heat-resistant alloy and insulated with kaolin 
wadding. To provide the uniform deformation and uniaxial compressive stress state a lubricant in the 
form of ground glass containing 55 % SiO2, 7 % BO2, 21 % Al2O3, 14 % CaO was used. Heating 
specimens to test temperatures was performed in an electric furnace with the container. 
After attaining the specified temperature, the container with the specimen was extracted from the 
furnace and set into a working place of the plastometer on the load cell along its axis, then the 
specimen was immediately compressed with an automatic registration of current height and force on a 
computer. Registered compression parameters were processed using a program by formula σs = Р/F, 
where P is the measured force, F is the calculated cross section area. As a result, the flow curves of the 
materials under investigation were defined. 
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Figure 1. Assembly scheme of a container with a specimen for compression: 1 – upper deforming 
anvil; 2 – lubricant layer; 3 – specimen; 4 – asbestos insulation; 5 – kaolin wadding; 6 – steel 
container; 7 – lower deforming anvil. 
 
Additionally, metallographic studies of specimens made of AlSi10Mg alloy after etching in the 
reagent (5 ml. HF + 95 ml. H2O) were performed. Microhardness was measured on microhardness 
tester with an integrated optical microscope Shumadzu HMV-G21DT. 
3.  Results and discussion 
Results of the study of microstructure of AlSi10Mg aluminium alloy on an optical microscope are 
presented in Fig. 2. On the surface of the microsection (Fig. 2, a) it is can be seen a large number of 
pores, both individual and lined up, with a pore diameter of 25 μm. According to the phase diagram 
[14], the structure of the specimens after etching (Fig. 2, b, c) consists of large dendritic grains of α-Al 
and Si formed from the eutectic during rapid cooling. Vickers microhardness HV0,025 is 133 for 
AlSi10Mg alloy. 
Results of plastometric tests – the flow curves of AlSi10Mg aluminium alloy in the form of a 
dependence of strain resistance σs on true strain е (e = ln(h0/hi), where h0 and hi are initial and current 
specimen height, respectively) are presented in Fig. 3 at various test temperatures. Features of 
resulting flow curves are the following: 1) the specimens have fractured at test temperature of 20 °C 
and at strain rate ξ of 1, 10 s-1; 2) An intensive hardening following by subsequent softening (peak 
stress) can be observed at test temperature of 300 °C and at strain rate ξ of 1, 10 s-1; 3) strain resistance 
goes to the level of steady state stress without observable peak stresses at test temperature of 400 and 
500 °C; 4) with increasing strain rate ξ, strain resistance σs increases. This pattern coincides with the 

















Figure 2. Microstructure of AlSi10Mg aluminium alloy produced by SLM: a – polished, unetched, 




Figure 3. The flow curves of AlSi10Mg aluminium alloy at temperatures of hot deformation. 
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4.  Summary  
In the present research work, the study of rheological properties of AlSi10Mg aluminium alloy 
produced by SLM was carried out at temperatures of 20 – 500 °C, at strain rate ξ of 1, 10 s-1 up to 
strain degree e equal to 0.7 – 1.2. 
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